Dried herbal preparations, based on BZornia latifolia,^are commonly sold on web, mainly for their supposed hallucinogenic properties. In this work, we demonstrate that these commercial products contain a different Fabacea, i.e., Stylosanthes guianensis, a cheaper plant, widely cultivated in tropical regions as a fodder legume. We were provided with plant samples of true Zornia latifolia from Brazil, and carried out a thorough comparison of the two species. The assignment of commercial samples was performed by means of micro-morphological analysis, DNA barcoding, and partial phytochemical investigation. We observed that Z. latifolia contains large amounts of flavonoid di-glycosides derived from luteolin, apigenin, and genistein, while in S. guianensis lesser amounts of flavonoids, mainly derived from quercetin, were found. It is likely that the spasmolytic and anxiolytic properties of Z. latifolia, as reported in traditional medicine, derive from its contents in apigenin and/or genistein.
Introduction
Nowadays, the Internet web market is flooded with many different phytotherapic products, sold as dietary natural compounds, or as pharmacologic preparations; however, the control of their identity, and/or their efficiency is rather loose. At the same time, several eco-and smart drugs derived from vegetal sources have been introduced in the digital market as legal substitutes of abused drugs. In particular, a new generation of legal substitutes of cannabis has recently emerged: these products, often referred to as Bherbal highs,^are mixtures sold on the web under the brand names of Bspices^(for instance, Spice gold, Silver, Dream, etc). The herbal components of vaunted Bspices^were chosen because some of them were traditionally known as Bmarijuana substitutes,î n order to obtain a cannabis-like effect, which increases their popularity and appeal to young people seeking new experiences. Such herbal mixtures may lead to potentially injurious drug combinations [1] , and may even contain synthetic cannabinoids (JWH-018 and analogues, CP-47,497-C8; AB-CHMINACA, UR144; PB-22, etc.) that are hazardous to human health [2] , giving rise to accidental overdosing, requiring hospitalization [3] .
One of the most popular herbs in these mixtures is Zornia latifolia Sm., aka Z. diphylla (L.) Pers. (Fabaceae), 1 popularly known as maconha brava or white marijuana [7] . The common name given to this species refers to its pretentious effects similar to those of THC. The history of the supposed hallucinogenic effects of Z. latifolia probably dates back to Native Americans; in fact, it was included in Schultes & Hoffman's famous ethnical work, as a BPlant of the Gods^ [8] . According to The New York Botanical Garden, Herbarium Collection Sheet of Z. latifolia from Rondonia State, collected by Prance et al. 8917 (NY 01523113), leaves of Z. latifolia from Brazil are Bdried and smoked as a hallucinogenic substitute for Cannabis^ [9] . Finally, Schultes and Farnsworth [10] cited Z. latifolia among plants alleged to have hallucinogenic properties.
Conversely, it should be remarked that no psychoactive constituent has ever been isolated from this plant, and generally speaking, phytochemical studies of Z. latifolia are scant [11, 12] . Igwe et al. [12] report the presence of undefined alkaloids in the water extract of the plant, but they erroneously assign this species to family Solanaceae instead of Fabaceae.
Anyway, there are some reports of pharmacologic effects of the plant, and they seem mainly concern the intestinal smooth muscle. Z. diphylla has been used by the Otomi Indians of Querétaro (México) for its spasmolytic activity [13] . In the District of Kerala State, India, this species is employed in the treatment of cancer and fungal disease [14] , for dysentery, and to induce sleep in children [15] . More recently the anticonvulsant activity of the methanolic extract of Zornia diphylla has been reported by Geetha et al. [16] . Juice from Z. latifolia has been used in French Guiana to calm inflamed intestines [17] .
We bought dried herbal preparations of Z. latifolia (BMaconha brava^) from different web retailers. However, our analyses showed that, in all cases, herbal samples did not correspond to Z. latifolia, but they were instead Stylosanthes guianensis (Aubl.) Sw., another legume forage native to South America. Also for this species, both chemical characterization and pharmacologic uses have been scarcely or not reported. We recently found, in the lipophilic fraction of S. guianensis extracts, some hydroxy-fatty acids with antiproliferative effect on HeLa and A431 tumor cells [18] .
We compared the above material of S. guianensis, with autenthic samples of Z. latifolia collected in the field, using micro-morphological, molecular, and phytochemical analyses. These data could represent a reference for the correct identification of these plants from the pharmacognostic point of view, especially when they are combined in herbal mixtures sold in the Internet under generic brand names of Bspice^. In addition, the chemical fingerprint characterization firstly reported in this study for both these species, provides information on herbal products of concern to public health.
Materials and methods

Herbal samples and reference plant species
Dried plant material of Stylosanthes guianensis (Aubl.) Sw. was sold under the name of BZornia latifolia^or BMaconha brava,^on the following websites: Shaman's Garden Exotic Botanicals BGaia's Delights^(www.shamansgarden.com) Chicago Illinois; BBouncing Bear Botanicals^Lawrence, Kansas (www.bouncingbearbotanicals.com); and Herbalfire Botanics, USA (www.herbalfire.com).
Labels on packaging indicated that the products contained plants sampled harvested either from Perú and/or Brazil. This material consisted of aerial parts, in particular leaves and flowers, small branches, and some fruits and seeds. The pods present in one herbal mixture contained seeds that were collected, sown in pots, and grown in greenhouse at the Genoa University Botanical Garden, to obtain fresh plants used for species macro-morphological identification. Voucher samples of plants grown from seeds were determined and then deposited at the Herbarium of DISTAV (GE sn). 
Micromorphological analysis
Light microscope observations were carried out by a Leica M205 C stereomicroscope, coupled to EC3 camera and LAS EZ V1.6.0 image analysis software, and by a Leica DM 2000 transmission-light microscope, coupled to DFC 320 camera and IM 1000 and QWin software (Leica Microsystems, Wetzlar, Germany).
For bright field microscopy, representative median portions of the adult leaflets were processed. Samples of S. guianensis were fixed in formalin-acetic acid alcohol (FAA) for 24 h [19] , dehydrated in an ethanol series, and embedded in JB4 resin. Cross sections were cut at 8-mm intervals, mounted serially, and stained with 0.05% Toluidine Blue O (TBO) in acetate buffer, pH 4.4, for 1 min, as a metachromatic stain [20] . Observations were made using a Leica DM 2000 optical microscope, equipped with Leica IM 500 image processing software 4.0.
Adult leaflets of Z. latifolia fixed in FAA for 24 h [21] , in buffered neutral formalin (BNF) for 48 h [22] , were placed under low vacuum to ensure penetration of the fixatives. Leaflets were then stored in 70% ethanol. The material was dehydrated through a t-butanol series [21] , embedded in paraffin, serially sectioned with a rotary microtome, and then stained with safranin O and astra blue [23] . The samples were also embedded in plastic resin [24] , and then sectioned. Transverse sections were cut at a thickness of 10-12 μm and stained with Toluidine Blue O (TBO) at pH 4 [25] . Samples were observed with an Olympus BX51 microscope (Olympus America, Inc.), and images were taken using Kodak Pro Image 100 ASA film (Eastman Kodak, Rochester, NY, USA).
Scanning electron microscopy (SEM) observations were carried out using Vega3 Tescan type LMU microscope equipped with X-ray energy dispersive system EDS Apollo XSD (Tescan USA Inc., Cranberry Twp, PA, USA). Samples were fixed and dehydrated as reported above, and then they were critical-point-dried and mounted on aluminum SEM stubs. Stubs were sputter-coated with 10-nm gold or carbon. Plant fragments and sections with crystalline idioblasts were also elementally analyzed by EDS to verify crystal composition.
DNA barcoding analysis
The three samples were identified by the DNA barcoding approach to integrate morphological and chemical analyses [2] . Specifically, using the BLAST algorithm [26] , we compared the barcode sequences obtained from our samples to reference data deposited in the international GenBank database (https://www.ncbi.nlm.nih.gov/). Genomic DNA was isolated from the three samples using the DNeasy Plant Mini kit (Qiagen, Milan, Italy) to obtain high-quality DNA, free of polysaccharides or other metabolites that might interfere with DNA amplification. The concentration of extracted DNA for each sample was estimated spectro-fluorometrically. DNA barcoding analysis was performed at three plastidial (rbcLRuBisCo large subunit-, matK-maturase K-, and the intergenic spacer trnH-psbA) and one nuclear (ITS) loci. These loci represent standard DNA barcoding markers, generally used to characterize plant species: they have been adopted in many studies dealing with medicinal and toxic plants, see for example [27] .
PCR amplification for each candidate marker was performed using puReTaq Ready-To-Go PCR beads (Amersham Bioscience, Italy) in a 25-μl reaction, according to the manufacturer's instructions. PCR cycles consisted of an initial denaturation for 7 min at 94°C, 35 cycles of denaturation (45 s at 94°C), annealing (30 s at 53°C), extension (1 min at 72°C), and final extension at 72°C for 7 min. The rbcL was amplified using rbcL1F and rbcL4R primer pair [28] ; the matK was amplified using KIM_1R and KIM_3F primers [29] , while for non-coding regions trnH-psbA and ITS, the primer pair psbA-trnH [30] and ITS1-ITS4 [31] were respectively used. The PCR products obtained from reference species were submitted for sequence analysis to Macrogen Inc., Korea (www.macrogen.com). Heavy DNA strands were bi-directionally sequenced using an ABI 3730XL automated sequencer at Macrogen.
The resulting sequences were compared with the GenBank DNA database, using Basic Local Alignment Search Tool (BLAST) [26] . Each sequence was assigned to the plant species showing the maximum identity close to 100%, according to Barcode of Life Database Identification System (BOLD-IDS) guidelines (http://www.boldsystems.org/index.php/ IDS_OpenIdEngine), and to the criteria adopted by Mezzasalma et al. [27] . Sequence data were submitted to the European Bioinformatics Institute of the European Molecular Biology Laboratory (EMBL-EBI).
Phytochemical analysis: preparation of the crude extract
In order to make a rigorous phytochemical comparison, dried samples of both Z. latifolia and S. guianensis were minced by means of an electric blender, and then extracted in the same way, i.e., with 90% aq. 2-propanol. Seven hundred fifty milliliters of solvent were employed for every 100 g of plant; the extraction was carried out at RT for 3 h under stirring. After filtration, the solutions were dried under vacuum at 38°C. One milligram of crude extract was used for HPLC-MS analysis, while the rest of the extract underwent column chromatographic fractioning, and then NMR and MS analysis of a few selected fractions.
All the solvents and reagents employed for chemical analyses were purchased from VWR International S.r.l. (Milan, Italy), unless differently specified.
LC-MS and HR-ESI-MS
LC-MS analysis of crude extract was carried out in an Agilent 1100 HPLC-MSD Ion Trap XCT system, equipped with an electrospray ion source (HPLC-ESI-MS) (Agilent Technologies, Palo Alto, CA, USA). Separations were performed on a Symmetry C18 column 1 × 150 mm with 3-μm particle size (Waters Corporation, Milford, MA, USA). Eluents used were water (eluent A) and methanol (eluent B), both added with 0.1% formic acid. The gradient employed was: 15% eluent B for 3 min, then linear to 95% eluent B in 25 min and finally hold at 95% eluent B for other 15 min. The flow rate was set to 30 μL/min and the column temperature was set at 25°C. The injection volume was 8 μL. Ions were detected in ion charged control with a target ion value of 200,000 and an accumulation time of 300 ms, using capillary voltage, 3300 V; nebulizer pressure, 15 psi; drying gas, 8 L/min; drying gas temperature, 325°C; rolling averages, 2; averages, 5. Mass spectra were acquired in negative ionization mode, m/z 100-1000, consistent with expected mass charge ratios, and analyzed using integrated Agilent Data Analysis software (LC/ MSD Trap Software).
HR-ESI-MS analysis of selected fractions was carried out in a Hybrid Quadrupole-Orbitrap mass spectrometer (Q Exactive, Thermo Fisher Scientific, Waltham, MA, USA) in negative ion mode. The acquisition parameters were set time by time in direct infusion analysis (DIA) to assess the elemental composition. The calculations were performed using a tool integrated in the dedicated software (Thermo Xcalibur 4.0.27.10), and the calculated elemental formulas were unambiguous for all the compounds. 
Results
Morphological analysis
Commercial samples of S. guianensis (Fig. 1a) and herbarium samples of Z. latifolia (Fig. 2a) were analyzed by both microscopic and molecular techniques to confirm identification at the species level.
S. guianensis leaves are trifoliate (Fig. 1b) , and the fruit is a small one-seeded pod with a reduced rostrum (Fig. 1a inset,  and Fig. 3a) . In mature leaflets both adaxial and abaxial epidermis shows the occurrence of paracytic stomata, uni-and multiseriate hairs, broad at the base and tapering above, and a large amount of crystalliferous idioblasts (Fig. 1c, d) . Collapsed crystal idioblasts form networks, the interstices of which are occupied by accompanying epidermal cells and single stomates (adaxial surface) or clusters of stomates (abaxial surface). SEM-EDS analysis confirmed the elemental composition of crystals as calcium oxalate (Fig. 1e, f) , in accordance with data reported by Brubaker and Horner [32] . In transversal sections of leaflets, mucilaginous idioblasts in the palisade parenchyma (Fig. 4a, b, arrowheads) , proximal to the adaxial surface, and idioblasts containing phenolic substances in the abaxial one were detected (Fig. 4a, b, arrows) . These features are in agreement with previous anatomical observations on different Stylosanthes species, including S. guianensis [33] .
Zornia latifolia is morphologically characterized by leaves with two leaflets (Fig. 2b) , bracteoles linear to lanceolate, and loment fruit, with 4-8 articles, pubescent to villous, with retroserly hairy bristles 2-3 mm long (Fig. 3b, c) . Both leaflet epidermis show the occurrence of anisocytic stomata; a few scattered uniseriate trichomes are mainly located on the vein and on the leaflet margins (Fig. 2c, d ). The secretory structures found in leaflets are mucilage epidermis and cavities (Fig. 4c,  d (arrow) ) and idioblasts secreting phenolic compounds (Fig.   4c) , present in the mesophyll, as previously reported by Fortuna-Perez et al. [34] .
Molecular results
Molecular identification through the DNA barcoding approach involved the use of four different markers: rbcL, matK, trnH-psbA, and ITS (Table 1) .
To date (November 2017), only ITS reference sequences for Z. latifolia are available in GenBank, while other Zornia species have been characterized for all but trnH-psbA markers. Given these assumptions, the morphologically characterized sample of Z. latifolia used in this study as comparison for phytochemical and genetics analyses was correctly assigned (ID) by ITS, therefore confirming the reliability of DNA barcoding in identifying this species.
HPLC-MS
The HPLC-MS chromatograms of the two plants crude extracts, obtained in ESI -ionization mode, are reported in Fig. 5a as total ion currents (TIC). The detailed comparison of the components found analyzing these chromatograms are reported below.
Zornia latifolia (Zl)
In the chromatogram of Zl (Fig. 5a , black line), two intense broad peaks were found, centered at retention time (RT) 23.9 and 25.3 min. The former peak (23.9 min) showed a prominent mass peak at m/z 593 [M-H] − (Fig. 5b) , and the latter could be isolated; however, the corresponding masses could not be evidenced in the chromatogram of the crude extract, probably owing to their low concentration. Luteolin, apigenin, and genistein were also found as aglycons, again in small amounts (when compared to the corresponding diglycosides).
Stylosanthes guianensis (Sg)
The chromatogram of Sg (Fig. 5a , red line), does not show any intense peak (when compared to that of Zl), but rather a series of low-intensity bands. As a consequence, only a few metabolites could be identified, after column chromatography fractioning and NMR analysis. According to our data, the main flavonoid of Sg seems to be the flavonol quercetin, mainly found as glyco-rhamnoside (Mr = 610). HR-ESI − -MS .08820, Δppm = 0.671) could be isolated by preparative chromatography, but the correspondent mass peak could not be seen in the HPLC of the crude extract. Also quercetin-3-methyl ether was isolated from the crude extract. In addition, Sg contained several simple phenols: among the others, we could isolate significant amounts of free caffeic acid.
Other peaks in the Sg chromatogram are found at 25.6 min (peak at m/z 625), and at 21.6 min (m/z 595); both of them could not be assigned to a specific metabolite. A summary of the main chromatographic peaks, with the corresponding more abundant mass peaks of the two extracts, is reported in Table 2 .
Discussion and conclusion
Macro-and micro-morphologic analysis combined with molecular techniques have already proved to be effective to identify the herbal preparations, in commercial mixtures [2] . In the present case, we could find out that the herbal material sold on the web under the name of BZornia latifolia,^was actually Stylosanthes guianensis, a different fodder Fabacea. Considering the dried herbal material, the main diagnostic feature in mature leaflets of Sg was the abundance of crystalliferous idioblasts on both surfaces forming a network, the interstices of which are occupied by single stomates (adaxial) or clusters of stomates (abaxial). This feature is easy to check also at low magnification. On the other hand, Zl (from herbarium samples) showed leaflet epidermis in which crystalliferous idioblasts were completely missing. When fruits are also present, it can be seen that they are very different from each other: those of Sg are smooth one-seeded pods, while those of Zl are loments, with 4-8 articles, pubescent to villous.
Molecular analysis, combined with morphological investigation, supported the identification of plant products sold on line. As reported in [2] , the preparation of herbal blends does Table 1 BLAST identification of samples collected in this study using four DNA barcoding regions. Identification results were provided as the species name showing the maximum nearest matches (maximum identity). The BLAST maximum identity matches were grouped into two categories: (1) 'identified' (ID), when the maximum identity scores corresponded to the queried species; and (2) 'not identifiable' (NI), when the BLAST search returned the same maximum identity score with more than one species that might correspond or not to that queried or when the maximum identity scores were consistently below 100% and the correct species did not occur among the entries. The presence of sequence of the species query was indicated with OK (presence) or NO ( ND not determined not affect the success rate of DNA barcoding, for which small plant fragments are needed. However, a limit of DNA barcoding approach in plants is the availability of reference databases. The accessions deposited in GenBank still lack of some pivotal sampling details [36, 37] . This deficiency has been overcome by integrating molecular and morphological identification with chemical analysis. The combination of these three approaches validates the recognition and characterization of products sold online. From a phytochemical point of view, the differences between the two plants are significant: the high concentration of luteolin, apigenin, and genistein di-glycosides (rutinosides) is a good marker of Zl. On the other hand, Sg contains rather low amounts of different flavonoids, mainly derived from quercetin.
It is therefore evident that in this case the web market distributes herbal products that do not match the specification list. In addition, not only the effects on health of such products are not known, but they do not even respond to the consumers' demand. At present, given the paucity of scientific data on both chemical composition and pharmacological activity of these two plants, their use as legal alternative to Cannabis is not recommended.
Our study constitutes a first investigation aimed at filling this lack of knowledge. We have found a significant content of apigenin and genistein in the Zl extract, mainly as rutinosides, but also as free aglycones. These constituents could be related to the anxiolytic effects of this plant, in agreement with data reported by Viola et al. [38] for Matricaria recutita, and by Suresh & Anupam [39] for Turnera aphrodisiaca. In addition, Salgueiro et al. [40] have reported that some natural flavonoids, in particular chrysin and apigenin bind specifically to benzodiazepine sites of GABA A receptor, exerting anxiolytic effects. As concerns genistein, Rodrìguez-Landa et al. [41] reported the anxiolytic-like effect of this flavonoid in rats, and Huo et al. [42] suggest the potential application of genistein for the treatment of insomnia.
Further studied are in progress to confirm if apigenin and/ or genistein are responsible for the Cannabis-like effects of Zornia latifolia.
